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3UHXþHYDOL VPR SULPHUQRVW ãHVWLK UD]OLþQLK ]PHVL WRSLO ± UD]YLMDOFHY ]D ORþLWHY HQRVWDYQLK IHQROQLK VSRMLQ NRW VR JDOQD NLVOLQD









7KH VXLWDELOLW\ RI VL[ VROYHQW V\VWHPV IRU WKH WKLQOD\HU FKURPDWRJUDSKLF VHSDUDWLRQRI VLPSOHSKHQROLF FRPSRXQGV VXFKDVJDOOLF
DFLG S\URFDWHFKROSKORURJOXFLQRO UHVRUFLQRO DQG UHODWHG FRPSRXQGFDWHFKLQZHUH LQYHVWLJDWHG7KHPRVW DSSURSULDWHGHYHORSLQJ
VROYHQWV\VWHPVIRUWKHVHSDUDWLRQRIWKHVHRUJDQLFFRPSRXQGVZHUHFKORURIRUP±HWK\ODFHWDWH±DFHWLFDFLGDQGWROXHQH








)HQROL VH Y OHVX VNRUML LQ GUXJLK RUJDQLK GUHYHVD
SRMDYOMDMRYOLJQLQVNLPDNURPROHNXOLNLMHJUDGQLNFHOLþQLK
VWHQ LQ Y VQRYHK ]XQDM OLJQRFHOXOR]QH FHOLþQH VWHQH
6OHGQMHQDYDGQRR]QDþXMHPR] L]UD]RPQDUDYQLSURGXNWL
UDVWOLQ DOL SD HNVWUDNWLYL 9HþLQR IHQROQLK HNVWUDNWLYRY
OHVD OLVWDYFHY LQ LJODYFHY Y SURVWL REOLNL QDMSRJRVWHMH
QDMGHPRYMHGURYLQLLQVNRUMLNRWJOLNR]LGHSDODKNRWXGL
Y EHOMDYL .$,  âWHYLOQH IHQROQH VSRMLQH LPDMR ]D
UDVWOLQH LQ VHYHGD WXGL ]D GUHYHVD SRPHPEQH HNRORãNH
IXQNFLMH NL L]EROMãXMHMR QMLKRYH SUHåLYLWYHQH PRåQRVWL
7$,==(,*(5ELVWYHQRSDGRORþDMRWXGLODVWQRVWL
OHVD ',1:22',(  0HG IHQROQLPL HNVWUDNWLYL
L]ROLUDQLPL L] OHVD UD]OLþQLKYUVW LJODYFHY LQ OLVWDYFHY VR
QDMSRJRVWHMãLHQRVWDYQLR]LURPDQL]NRPROHNXODUQLIHQROL
OLJQDQL ÀDYRQRLGL VWLOEHQL NLQRQL LQ NRPSOHNVQHMãH




NDWHKLQ SD MH PRQRPHUQD HQRWD NRQGHQ]LUDQLK WDQLQRY
)(1*(//8':,*




]D GRORþLWHY SRVDPH]QLK VSRMLQ VLFHU UD]OLþQLK UD]UHGRY
IHQROQLKHNVWUDNWLYRY<86,$6,+HWDO
7DQNRSODVWQR NURPDWRJUD¿MR 7/& XYUãþDPR Y
VNXSLQRSODQDUQLKVHSDUDFLMVNLKWHKQLNSULNDWHULORþHYDQMH
SRVDPH]QLK NRPSRQHQW SUHLVNRYDQHJD Y]RUFD SRWHND
            =ERUQLNJR]GDUVWYD LQ OHVDUVWYD
PHGSRWRYDQMHPPRELOQHID]HUD]YLMDOFDSRWDQNLSODVWL









VRUEHQWD LQ WRSLO /RþHQH NRPSRQHQWH R]LURPD VHVWDYLQH
Y]RUFDVRQDWDQNRSODVWQHPNURPDWRJUDPXYLGQHNRWYHþML
DOL PDQMãL PDGHåL QD SODVWL VRUEHQWD PHG WRþNR QDQRVD
LQ PHMR GR NDWHUH MH SULSRWRYDOD PRELOQD ID]D 7DNR
ORþHQH NRPSRQHQWH MH PRJRþH RSD]RYDWL Y YLGQL DOL Y
89VYHWOREL:,//)g560('6+2/0%20
6HOHNWLYQRVW R]LURPD REþXWOMLYRVW PHWRGH MH PRJRþH
L]EROMãDWL]REGHODYRUD]YLWLKSORãþVSULPHUQLPUHDJHQWRP
QSU)H&ODOLYDQLOLQåYHSORYDNLVOLQDVNDWHULPVHRURVL
NURPDWRJUDIVNR SORãþR 8SRUDED VHOHNWLYQLK UHDJHQWRY
RPRJRþD WXGL GHOQR LGHQWL¿NDFLMR R]LURPD NYDOLWDWLYQR
GRORþLWHY SRVDPH]QH ]QDQH NRPSRQHQWH QD RVQRYL
VSHFL¿þQLK UHDNFLM SD VH ODKNR VNOHSD WXGL R RVQRYQL ]JUDGEL
QH]QDQLK ORþHQLK NRPSRQHQW L] Y]RUFD LQ FHOR QMLKRYLK
IXQNFLRQDOQLKVNXSLQDK352â(.38./











!  SLURNDWHKROD 0HUFN  !  ÀRURJOXFLQROD
6LJPD$OGULFK  !  UHVRUFLQROD .HPLND SD LQ
NDWHKLQD6LJPD$OGULFK!]PDVQRNRQFHQWUDFLMR
PJP/=DYL]XDOL]DFLMRVSRMLQQDNURPDWRJUDIVNLSORãþL
VPR XSRUDELOL GYD UHDJHQWD UD]WRSLQR )H&O 0HUFN LQ
PHãDQLFRYDQLOLQD)OXND]åYHSORYRNLVOLQR&DUOR(UED
5HDJHQWåHOH]RY,,,NORULGVPRSULSUDYLOLWDNRGD
VPR UD]WRSLOL J EUH]YRGQHJD åHOH]RYHJD NORULGD Y 
P/ PHWDQROD 9DQLOLQåYHSORY UHDJHQW VPR SULSUDYLOL ]
UD]WDSOMDQMHPJYDQLOLQDYP/åYHSORYHNLVOLQHLQ
HWDQRODYSURVWRUQLQVNHPUD]PHUMX










0HãDQLFR WRSLO ]D UD]YLMDQMHNURPDWRJUDIVNLKSORãþ
VPRYHGQRSULSUDYLOLGDQSUHGXSRUDER
.URPDWRJUDIVNH SORãþH VPR UD]YLMDOL Y SRVHEQLK
NURPDWRJUDIVNLK NDGHK NL ]DJRWDYOMDMR SRQRYOMLYRVW
UH]XOWDWRY 1D GQR NURPDWRJUDIVNH NDGL VPR QDOLOL
WROLNR PRELOQH ID]H GD MH ELOD 7/&SORãþD PHG
UD]YLMDQMHPSRWRSOMHQDSULEOLåQRPP3UHGUD]YLMDQMHP
NURPDWRJUDIVNLK SORãþ VPR NDGL NRQGLFLRQLUDOL  XUL
9]RUFH IHQROQLK VSRMLQ VPR QDWR QDQHVOL WRþNRYQR QD
NURPDWRJUDIVNR SORãþR V SRPRþMR VWHNOHQH NDSLODUH NL
RPRJRþD QDQDãDQMH Y]RUFHY YROXPQD  ȝ/9]RUFH VPR








VYHWOREH VPR MLK YL]XDOL]LUDOL ] åHOH]RYLP,,, NORULGRP
R]LURPD]YDQLOLQåYHSORYLPUHDJHQWRP1HNDWHUHOLVHVR
ELOHYLGQHåHSRRURVLWYL]XVWUH]QLPUHDJHQWRP3RRURVLWYL
] åHOH]RYLP,,, NORULGRP VPR NURPDWRJUDIVNH SORãþH
VHJUHYDOL Y VXãLOQLNX PLQXW SUL  & SR RURVLWYL ]




SRVDPH]QLK NRPSRQHQW SUHLVNRYDQHJD Y]RUFD ]DUDGL
UD]OLþQLKLQWHUDNFLMVVWDFLRQDUQRLQPRELOQRID]R352â(.
 38./0HG SRWRYDQMHP VHPROHNXOH WRSOMHQFHY
]DNUDMãLDOLGDOMãLþDVYHåHMRQDVWDFLRQDUQRID]R3RORåDM
OLVQDSORãþL MHRGYLVHQRGKLWURVWLSRWRYDQMDSRVDPH]QLK









5 6)  






]D GRORþLWHY JDOQH NLVOLQH SLURNDWHKROD LQ UHVRUFLQROD
5) YUHGQRVWL ]D NDWHKLQ JDOQR NLVOLQR SLURNDWHKRO
ÀRURJOXFLQRO LQ UHVRUFLQRO VR SRGREQH Y VLVWHPLK WRSLO ,
,,,,,LQ,9PHGWHPNRVHVLVWHPWRSLOSHWUROHWHU±PHWDQRO
±RFHWQDNLVOLQD   NRW UD]YLMDOHFQL L]ND]DO]D




RUJDQVNLK VSRMLQ PHG VHERM VNRUDMGD QH UD]OLNXMHMR =D
ORþLWHYNDWHKLQDRGGUXJLKRUJDQVNLKNRPSRQHQWVWDVHNRW
QDMEROM SULPHUQD L]ND]DOD VLVWHPD ]PHVL WRSLO SHWUROHWHU
±HWLODFHWDW±PUDYOMLþQDNLVOLQDLQNORURIRUP



















6OLND  =DGUåHYDOQL DOL UHWHQ]LMVNL IDNWRU 5) MH HQDN
NYRFLHQWX UD]GDOMH RG VWDUWD GR VUHGLQH NURPDWRJUDIVNH
OLVHLQUD]GDOMHNLMRMHRGVWDUWDGRIURQWHRSUDYLODPRELOQD
ID]D
)LJXUH  5HWHQWLRQ IDFWRU 5) YDOXH LV GHWHUPLQHG E\
GLYLGLQJ WKH GLVWDQFH WUDYHOOHG E\ WKH FRPSRXQG E\ WKH
WRWDOGLVWDQFHWUDYHOOHGE\WKHVROYHQW
9]RUHF6DPSOH 5)'HWHNFLMD9LVXDOL]DWLRQ




































            =ERUQLNJR]GDUVWYD LQ OHVDUVWYD
9YVHK UD]YLMDOQLK VLVWHPLK WRSLO MH  MDVQR L]UDåHQD
]YH]D PHG PDQMãLP ]DGUåHYDOQLP IDNWRUMHP 5) LQ
QDUDãþDMRþLP ãWHYLORP KLGURNVLOQLK VNXSLQ Y PROHNXOL
%$5721:(,660$1VOLNLLQ
9VHVSRMLQH ODKNR]D]QDYDPRVSRPRþMR UHDJHQWRY
)H&O LQ YDQLOLQåYHSORYH NLVOLQH 7/&SORãþH NL MLK
RURVLPRV)H&OLPDMRVYHWORUXPHQRR]DGMHNLRPRJRþD
RGOLþHQ NRQWUDVW OLVDP UD]OLþQLK RUJDQVNLK VSRMLQ EDUYD
R]DGMD LQ OLV RUJDQVNLK VSRMLQ SD VH REGUåL GDOM þDVD þH
KUDQLPR7/&SORãþHSULVREQLWHPSHUDWXULVOLND
5HDJHQW)H&OKLWURUHDJLUD]RUJDQVNLPLPROHNXODPL















REDUYDQLPDGHåLNDWHKLQDÀRURJOXFLQROD LQ UHVRUFLQROD 3UL
JDOQLNLVOLQLLQSLURNDWHKROXSDVRRSD]QHOLVHQDVWDOHãHOH
SR PLQXWQHP VHJUHYDQMX 7/&SORãþ SUL WHPSHUDWXUL
&VOLND
9NRPELQDFLMLVVWDFLRQDUQRID]RNLVPRMRXSRUDELOL
Y QDãHP SRL]NXVX VH VLVWHPL WRSLO 9, 9,, LQ 9,,, NL
MLK Y OLWHUDWXUL SRJRVWR QDYDMDMR NRW SULPHUQH UD]YLMDOFH
QLVR L]ND]DOLNRWXVWUH]QL VLVWHPLPRELOQLK ID]]D ORþLWHY
SRVDPH]QLK RUJDQVNLK VSRMLQ PHG VHERM 929. 







PHWRGHNRWVRSOLQVNDNURPDWRJUD¿MD *& LQ WHNRþLQVND
NURPDWRJUD¿MD YLVRNH ORþOMLYRVWL +3/&
3UHGVWDYOMHQL 7/&VLVWHP LPD SUHGQRVW Y XSRUDEL
NRUR]LYQLKUHDJHQWRYNLRPRJRþDMRãLURNL]ERUPRELOQLK
VLVWHPRY ± UD]YLMDOFHY ]D ORþLWHY LQ GHWHNFLMR YHOLNHJD
ãWHYLOD IHQROQLK NRPSRQHQW/LVH NL MLK GRELPR VR ]HOR
ORNDOL]LUDQHLQNRPSDNWQH0HQLPRGD MH7/&SULPHUQD
PHWRGD]DNYDOLWDWLYQRYUHGQRWHQMH WXGLGUXJLKVLVWHPRY
NRW VH SRMDYOMDMR QD ãLUãHP JR]GDUVNHP LQ OHVDUVNHP
SRGURþMX QDMVL JUH ]D RQHVQDåLOD L]WUHENH åLYDOL
SURGXNWH DJUHVLYQLKPRGL¿NDFLM QSU ]D PDWHULDO NRW MH
XWHNRþLQMHQOHVHNVSUHVDWHGUHYHVQHJDVRNDDOL]DNHPLþQR
LGHQWL¿NDFLMR OHVQLK YUVW NHPRWDNVRQRPLMD ERGLVL ]D
IRUHQ]LþQH ãWXGLMH SUL NDWHULK MH YNOMXþHQ OLJQRFHOXOR]QL




3UHXþHYDOL VPRSULPHUQRVW ãHVWLK UD]OLþQLKPHãDQLF
WRSLO ± UD]YLMDOFHY ]D ORþLWHY HQRVWDYQLK IHQROQLK VSRMLQ
NRWVRJDOQDNLVOLQDSLURNDWHKROÀRURJOXFLRQRO UHVRUFLQRO
LQ VRURGQR VSRMLQR NDWHKLQ V SRPRþMR WDQNRSODVWQH
NURPDWRJUD¿MH
.YDOLWDWLYQDWDQNRSODVWQDNURPDWRJUD¿MD MH SODQDUQD
VHSDUDFLMVND DQDOLWVND WHKQLND NL RPRJRþD KLWUR DQDOL]R
LQ GDMH SUYH NYDOLWDWLYQH UH]XOWDWH DQDOL]LUDQLK Y]RUFHY
/RþHYDQMH NRPSRQHQW Y]RUFD SRWHND PHG SRWRYDQMHP
PRELOQH ID]H SR WDQNL SODVWL VRUEHQWD NL MH ELO Y QDãHP




6OLND  .HPLMVND VWUXNWXUD HQRVWDYQLK IHQRORY LQ
NDWHKLQD
)LJXUH  &KHPLFDO VWUXFWXUHV RI WKH VLPSOH SKHQROLF
FRPSRXQGVDQGFDWHFKLQ




6OLND  7DQNRSODVWQL NURPDWRJUDPL . NDWHKLQD * JDOQH NLVOLQH 3 SLURNDWHKROD ) ÀRURJOXFLQROD LQ 5
UHVRUFLQRODYUD]OLþQLKVLVWHPLKWRSLO,9DSRRURVLWYLV)H&OESRRURVLWYLV)H&OLQSRPLQXWQHPVHJUHYDQMXY
ODERUDWRULMVNHPVXãLOQLNXSUL&




            =ERUQLNJR]GDUVWYD LQ OHVDUVWYD
Y]RUFHY 3UL UXWLQVNHP GHOX VH QDMYHþNUDW XSRUDEOMDMR
VWHNOHQHNDSLODUHVNDWHULPLVHYWRþNRQDQDãDMRYROXPQL
PHG  LQ   / 5D]GDOMH PHG SRVDPH]QLPL QDQRVL
PRUDMRELWLGRYROMYHOLNHGDPHG UD]YLMDQMHPQHSULKDMD
GR PHGVHERMQHJD YSOLYD NRPSRQHQW VRVHGQMLK Y]RUFHY
1DMSRPHPEQHMãH RSUDYLOR SUL L]YHGEL 7/&SRVWRSND
MH UD]YLMDQMH NURPDWRJUDPD 7/&SORãþH VH SUDYLORPD
UD]YLMDMR Y SRVHEQLK NURPDWRJUDIVNLK NDGHK 1D GQX
NDGL PRUD ELWL WROLNR UD]YLMDOFD GD MH 7/&SORãþD PHG
UD]YLMDQMHPSRWRSOMHQDYDQMSULEOLåQRFP.RMHSORãþD
YNDGLSULþQHPRELOQDID]D]DUDGLNDSLODUQLKVLOSRWRYDWL








NLVOLQD      /RþLWHY RUJDQVNLK VSRMLQ MH ELOD





:H KDYH LQYHVWLJDWHG WKH VXLWDELOLW\ RI VL[ VROYHQW
V\VWHPV IRU WKH WKLQOD\HU FKURPDWRJUDSKLF 7/&
VHSDUDWLRQRI VLPSOHSKHQROLF FRPSRXQGV VXFKDVJDOOLF
DFLGS\URFDWHFKROSKORURJOXFLQRO UHVRUFLQRODQGUHODWHG
FRPSRXQGFDWHFKLQ
7KLQOD\HU FKURPDWRJUDSK\ LV D VLPSOH DQG
LQH[SHQVLYH WHFKQLTXH DQG LV SDUWLFXODUO\ VXLWDEOH IRU
VFUHHQLQJ RI D ODUJH QXPEHU RI VDPSOHV DQGPRQLWRULQJ
LVRODWLRQ SURFHGXUHV 7/& LV URXWLQHO\ XVHG IRU D ¿UVW
TXDOLWDWLYH H[DPLQDWLRQ RI SODQW H[WUDFWV 4XDQWLWDWLYH
GHWHUPLQDWLRQFDQEHDFKLHYHGE\GHQVLWRPHWULFGHWHFWLRQ
7KH PRVW XVHG SKDVH KDV EHHQ VLOLFD JHO ,VRODWHG 7/&
IUDFWLRQVFDQEH LGHQWL¿HG E\ VXEVHTXHQW DQDO\VLV E\ JDV
FKURPDWRJUDSK\PDVV VSHFWURPHWU\ *&06 RU KLJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\PDVV VSHFWURPHWU\
+3/&06 0RVW RI WKH VLPSOH SKHQROLF FRPSRXQGV
DEVRUE89 OLJKW DQG FDQ WKXVEHGHWHFWHGXVLQJQP
89OLJKW6SUD\LQJZLWKVROXWLRQRIVXOSKXULFDFLGLQ
HWKDQROLVDOVRFRPPRQO\XVHG
:H UHSRUW 5) YDOXHV RQ VLOLFD JHO SODWHV IRU
HLJKW VROYHQW V\VWHPV IRU JDOOLF DFLG S\URFDWHFKRO
SKORURJOXFLQROUHVRUFLQRODQGUHODWHGFRPSRXQGFDWHFKLQ




FDQ DOVR EH VHSDUDWHG ,GHQWL¿FDWLRQ RI GLIIHUHQW RUJDQLF
FRPSRXQGV LV IDFLOLWDWHGE\ WKHVSHFL¿F FRORXUV REWDLQHG






  7KH EHVW VHSDUDWLRQ RI WKH ¿YH RUJDQLF FRPSRXQGV
ZDVDFKLHYHGXVLQJVROYHQWVZLWKKLJKHURUJDQLFPRGL¿HU




6OLND7DQNRSODVWQLNURPDWRJUDPL.NDWHKLQD*JDOQHNLVOLQH3SLURNDWHKROD)ÀRURJOXFLQROD LQ 5 UHVRUFLQROD
Y UD]OLþQLK VLVWHPLK WRSLO ,9 D SR RURVLWYL ] YDQLOLQåYHSORYLP UHDJHQWRP E SR RURVLWYL ] YDQLOLQåYHSORYLP
UHDJHQWRPLQSRPLQXWQHPVHJUHYDQMXYODERUDWRULMVNHPVXãLOQLNXSUL&
)LJXUH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